An attempt is made to give a unified and a more POSItive definition of elementary particles by introducing a substance of higher level than them. This substance is named "Urmaterie", and is assumed to be described by a non-local field proposed by Y ukawa. Various states of the internal motion of Urmaterie are classified by eigenvalues of a complete set of mutually commutative operators with respect to internal coordinates, two of which can be taken as the spin and the mass operators. Each eigenstate thus classified is assumed to correspond to the elementary particle of the present theory.
The present theory of elementary particles, which has been formulated in a perfectly Lorentz covariant form, has succeded to express beautifully one aspect of elementary particles, and to obtain numerous brilliant results. What is underlying the ground of the present theory is of course the concept of elementary particles, which has been defined through the course of its devel:opment as that characterized by structure constants such as the spin or the rest mass, and satisfying conservation laws such as of the energy or of the momentum by their mutual transformations. Needless to say that these definitions have been an excellent abstraction of one aspect of elementary particles, and have played an essential role in the development of the theory.
The recent progress of the theory of elementary particles, however, seems to have exposed its essential limitation that such definitions are no longer sufficient for the better understanding of elementary particles. For example, the present theory can not give answers to questions such as, "What kind of structure of elementary particles do the present structure constants express?" or, "What kind of intrinsic correlation of elementary particles does the present interaction scheme express?". In fact, in the present theory, the structure constants or the interaction Lagrangians are introduced phenomenologically merely as parameters or additive terms into the theory, and the assignment of the spin or the rest mass values to elementary particles or the introduction of the mutual interaction between them are done entirely ad hoc. In this sense, the present theory may be said to remain at the phenomeuological stage* in the course of the development of the theory of elementary particles. A remarkable regularity between the rest masses of elementary particles as first pointed out by Nambu 4 ), the universal Fermi interaction, or the diverge1'l.ce difficulties inherent in the quantum theory of· the wave field from the day of its birth--a series of these facts suggest clearly such limitation of the present theory and also the necessity of more positively defining the concept of elementary particles.
Under this circumstance, it would be of great interest, as promoting a step in overcoming the limitation of the present theory, to introduce an internal structure to elementary particles, and thus try to grasp structure constants of elementary particles and the intrinsic correlation between them through its mediation.
Of course there is no definite guiding principle in doing it. It would be reasonable, however, to suppose that the future theory will satisfy on one hand the requirement of relativity and on the other hand will reduce to the present theory in the approximation in which we disregard such internal freedom.
Along this line attempts have been done by many authors. We may quote among them the names of Heisenbert>, BOpp6), WesseF>, and Hanl and Papapetrou 7J .** H~isen berg's attempt is a very ambitious one, but it seems to us that his theory contains too speculative elements in its foundation and is difficult to try any further development. Bopp, Wessel, or Hanl and Papapetrou's attempts, although interesting in as much as they attack directly the study of the internal structure, also seems to lack firm principles in constructing their basic equations. In previous paper on Yukawa's theory of non-local field 10 ) , one of the authors suggested to regard elementary particles as corresponding to various states of the internal motion of a kind of " Urmaterie ", a substance of higher level than elementary particles,
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and pointed' out that the non-local field would be nothing but the one that would describe this Urmaterie. 12 )* As emphasized by Yukawa ll ), the non-local field is an elegant tool of introducing the internal freedom in a Lorentz covariant form, and the use of the nonlocal field is expected to give a new scope in investigating the internal structure of elementary particles. It is the purpose of this paper to discuss the development of this idea.
The outline of our idea is as follows; We introduce a new substance which is described by a non-local field U(XIL' r~.). Of course X IL can be identified to positional coordinates of elementary particles of the present theory, but r lL can not. This is assumed to describe the internal motion of Urmaterie. Various states of this internal motion will be classified by assingning eigenvalues of a complete set of mutually commutative operators with respect to internal coordinates, and two of them may be taken as the spin and the mass operators respectively. * * Each eigenstate thus classified may be assumed to correspond to the elementary particle of the present theory.
The actual development is done through following steps; i) To define the spin and the mass operators as constants of internal motion. ii) To solve eigenvalue equations for the spin and the mass operators. iii) To make clear the mathematical relation of the non-local Urmaterie field to the local field. iv) To check the qualitative features of the interaction of Urmaterie.
(i) is done in ' § 2. What we introduce there as a principle of defining them is that the structure of elementary particles should determine uniquely the transformation properties of the wave functions under Lorentz-transformations. Using it, almost unique definitions of the spin and the mass operators are given. The former agrees with that of Fierz 13 ) , and the latter is shown to reduce to' an expectation value of the energy of the internal motion if a suitable condition is imposed. Equations of motion of Urmaterie are then derived from korrespondenzmassig considerations and from the principle of reciprocity.
(ii) is done in § 3. (iii) is done in § 4, and it is shown that in the case when U(X IL , Y IL ) is assumed as scalar, the equation of motion of Urmaterie reduces to Fierz's equation. (iv) is done in § 5 using the S-matrix formalism given by Yukawa 14 ) .
Finally, the concept of particle family of Fermi particles 15 ) is studied in § 6 to show an advantage of our theory. It is shown that in our theory the concept of particle family follows very naturally. This is because when we extend our theory to include the spinor non-local field, which is necessary to get particles of half-integer spin, the spin and the mass operators no longer compose a complete set. Thus the introduction of a new" structure constant becomes inevitable, and we can show that this new structure constant can be interpreted as expressing the essential difference of heavy and light particles.
* Recently, Yukawa 12 ) published a similar attempt. ** It can be shown that the spin and the mass operators compose a complete set if U(XIL' 1' "IL) is taken lIS s,alar, but this is not the case when it is spinor. (See § 2 and § 5) Downloaded from https://academic.oup.com/ptp/article-abstract/12/2/177/1833446 by guest on 14 March 2019 § 2, The introduction of the spin and the mass operators As stated in the introduction, the most essential part of our discussion is to try a unified and a more positive definition of elementary particles by introducingUrmaterie. Thus, the first task is to introduce constants of internal motion which are responsible to structure constants such as the spin or the rest mass.
As for the spin, we have a fine analysis due to Fierz 13 ) that the angular momentum of the internal motion of the non-local field just corresponds to the spin. Therefore, we may expect that the spin operator of our theory may be obtained by generalizing his angular momentum operator into an invariant form in such a way that it reduces to the ordinary one in the rest system of the external motion.
Contrary to the case of the spin, it is very difficult to define the mass operator. The clue to it, however, seems to be found in the concept of the wave function and of the space-time underlying the present theory.
The present theory of elementary particles is constructed by at the biginning ascribing a wave function of the specified tran!iformation property to the elementary particle of the specified structure. This implies that it forms an integral part of the present theory to assume that the transformation property of the wave function is one of the most direct expression of the structure of the elementary particle and therefore is determined uniquely by the structure of the elementary particle.
Partiy, this assumption is realized in the present theory as a relation between the spin and the transformation property of the wave function. Asserting this to the full, it seems to us very natural to assume that the rest mass, which is a very fundamental structure constant abreast with the spin, is also closely related to the transformation property of the wave function.
It seems instructive to study here the irreducible representation of the Lorentz group Djjl. The wave function of the elementary particle is naturally assumed to be transformed according to it. Ojjl being not irreducible under spatial rotations, however, the spin of the elementary particle whose wave function is transformed according to Djjl is not unique, and is given by 
(Z. Z)
If this is the case, the transformation property of the wave function is determined uniquely by solving (Z·1) and (z·z) when sand m is given.
Thus, it would be reasonable to make it the guiding principle of introducing the mass operator to try to find such constant of internal motion which, when mediated to external coordinates, its eigenvalue determines uniquely with that of the spin the transformation property of the wave function.
In the following, we restrict our attention to the simplest case, and assume that
Urmaterie is described by a scalar non-local field U(XJI., 1'JI.) . Noticing the Fierz's remark that the internal angular momentum of the non-local field must corresponds to the spin, we introduce an infinitesimal rotational operator in four dimensional space;
(Z·3)*
Of course the square of RJI.' contains spin part, since it includes spatial rotation as its special case. In general, however, it is not merely the spin and is given by a sum of the spin part and a quantity independent of it corresponding to rotations including time axiS.
In order to separate these two components in a Lorentz-invariant way, we introduce operator. Thus, in our theory, to the spin is given an intuitive image that it corresponds to the rotation of a rigid sphere. This is in marked contrast to that of the present theory, where it is given only as the number of independent components of the wave function in the rest system of the center of mass.
It would be natural, from the symmetry in (2·9), to conjecture that M2 is also responsible to the structure of elementary particles just as S2 was. This conjecture seems not misdirected, since we can show in fact that the transformation property of the wave function is determined uniquely by assigning the eigenvalue of S2 and M2. The proof is given in § 4.
It seems useful to investigate the relation of the eigenvalue of M2 to dynamical variables of the internal motion to show clearer that M2 should be taken as the mass operator. Of course, at the present, we know nothing of the law governing the internal motion. But the * This assumption is self-consistent in the sense that the eigenvalue of the mass is given in fact in a positive de1inite form (see § 3). An essential revision seems to be necessary to include consistently the case of vanishing rest mass. fact that the angular momentum of the internal motion corresponds just to the spin seems to suggest that, at least partly, we can expect that the law of the external motion may be applicable to that of the internal motion. We adopt this as a korrespondenzmassig suggestion, and specifically assume that the law of quantum mechanics can be applied to the internal motion in the sense that u (k",. r "') describes the state of the internal motion, and that -n-/i·%ri (i=1, 2, 3) and -nc/i·%ro correspond to the momentum and the energy operator of the internal motion respectively.
Thus, defining the normalization of u (k",. r",) by (2.16) the expectation value of various dynamical variables is assumed to be given by (2.17) where 11", is an arbitrary time-like vector.
Under these assumptions, we try to study further the meaning of M2. In the rest system of the external motion, where k", takes the form (0, 0, 0, iIC), M2 is given by An analogous discussion can also be repeated for an operator defined by M=-ViP, (2.24) and the result is and (2.25)
The rest mass of elementary particles may be defined as such a constant which (i) firstly is a scalar specifying the structure of elementary particles,
(ii) secondly expresses the pool of the energy of the system in the rest system of center of mass, which means that it agrees there numerically with the fourth component of the energy and momentum four vector, .
(iii) thirdly determines the transformation property of the wave function abreast with the spin. Collecting above results, it seems perfectly reasonable to assume that M is the mass operator, and that m represents the rest mass of elementary particle measured in unit (!ilei.). 
in the rest system of the external motion. Thus, eigenfunction of 52 is the usual spherical harmonics, and its eigenvalue is given by s(s+l), s=O, 1,2,···. 1Z is not scalar, and therefore can not be adopted as a structure constant. We can readily see that it corresponds to the freedom of polarization. The eigenvale equation of M2 leads to a hypergeometric equation, and it will be shown in the next section that discrete eigenvalues are given by solving it under a suitable boundary condition.
The scalar non-local field U(XIJ-' r IJ-) provides us, therefore, with a unified description of Bose particles, and when expanded into simultaneous eigenfunctions of S2 and M 2 , each component describes elementary particles of definite spin and rest mass.
In view of the fact that the rest mass should be related to the external motion as being equal to the magnitude of the energy momentum four vector, it is legitimate to assume
which must further be generalized to for the general non-local field which is not the eigenfunction of S2 and M2.
(2·29) (2·30) (2.29) or (2.30) play an important role of connecting the internal motion to the external, and is nothing but the Yukawa's first equation. This stands to (2·22) just reciprocally adjoint. Although in Yukawa's theory (2.22) was introduced from a rather formal requirement of Born's171 reciprocity, it appears in our theory as an indispensable equation to secure that the eigenvalue of M is equal to an expectation value of the energy of the internal motion.
Merely to introduce the internal freedom, it would be sufficient to increase the number of variables, and to introduce the non-local field is not necessarily needed. The fact that the reciprocity appears in such a form, however, seems to suggest the necessity of introducing it when we go to describe the internal structure of elementary particles. § 3. The solution of eigenvalue problem
In this section we try to solve the eigenvalue equation for the mass spectrum (3.1) M2 being scalar under Lorentz-transformations, it is convenient to solve it in the rest system of the external motion, where M2 can be expressed as
In terms of polar coordinates introduced in (2.29) , this is simplified to (3.2) where X = sinh ~ and -!J is given by (2· 27) . Substituting (3 . 1) into (3 .2), and replacing -12 by s (s + 1), which means that we restrict our attention to the mass spectrum of elementary particles of spin s, the equation to be solved becomes 
To get explicit solutions, it is necessary to impose boundary conditions. What boundary conditions should be imposed is a problem to be decided in a relation with the law of internal motion, and at the present we can say nothing about it. Here we assume tentatively that they should be square integrable. Although this seems to be a natural consequence of extending quantum mechanics into the internal world, its precise meaning is not clear, and must seriously be re-examined at the next stage.
Under this boundary condition, the eigenfunction is given by ( It should be noted that the difficulty of the infinite degeneracy as pointed out by Schrodinger 18 ) and by Y ukawa 12) does not occur in our theory. This is because in our theory the eigenfunctions of M2 is classified once more according to the eigenvalue of 8 2 • Group theoretically, these eigenfunctions transform according to an unitary representation * Discrete eigenvalues appear below s(s+l). Above s(s+l) appear continuous ones instead. We neglected the latter since it is of less interest. As for details see Appendix I. 
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ot the Lorentz-group. As shown by Bargman 20 ) , the unitary representation of this group is specified by two parameters ~ and 71, which are. eigenvalues of
respectively. Negative sign before ~ R~. is the characteristic of the pseudo-Euclid space, and is closely related to the above difficulty. That is, this makes it possible for infinitely large number of combinations of ~Rij and ~Ri'>.t to give the same 7) . Such degeneracy, however, can be removed at once if it is possible to assign eigenvalue of ~R~j and ~Rgi separately. In our case, this is made possible since the separation of (2·9) is Lorentz invariant, and each of S2 and M2 is scalar. Note that this is a consequence of introducing the external momentum which suffer the same Lorentz-transformation with r I" in the definition of S2 and M2.
(3 . 8) represent the rest mass of Bose particles measured in unit (Ii / cJ.) . In particular, Nambu's mass unit 4 ) 137 X (electron mass) is obtained by taking;' to be of the order of the classical electron radius. Scalar Urmaterie discussed here, however, is an academic model adopted only for its symplicity as the starting point of the theory, and the detailed comparison of this result with experiment does not seem so meaningfuL The complete eigenfunction is given by a product of (3.7) and the corresponding spherical harmonics, and that in arbitrary system can be obtained at once by transforming it by a suitable Lorentz-transformation. Postponing again detailed calculations to Appendix III, the result is given by . where
and al"> are coefficients of Lorentz-transformation which transforms kl" into rest. The explicit form is given by where an' ,n are the transformation matrix of Pan (cos 8) by spatial rotations. The introduction of It is merely to distinguish (2s+ 1) independent components of this subspace.
As will be easily anticipated, this expresses the freedom of polarization.
As is seen from (3· 8), the eigenvalue of the mass exists only when s >, 1. That is, particles of spin 0 can not be given in our theory so long as we assume that ffJ is square integrable and U(XiJ.' riJ.) is scalar. To obtain particles of spin 0, we must either modify the boundary condition or introduce vector or higher tensor Urmaterie. At the present, we can not say which is the preferable one. As for the former, the provisional nature of our boundary condition should be stressed. When higher tensor Urmaterie is introduced, on the other hand, the spin of elementary particles becomes a combination of the " intrinsic" and the "orbital" angular momentum of the internal motion of Urmaterie.
To take Urmaterie as scalar means to neglect intrinsic part entirely, and it is also very likely that such a simplification is not permissible. § 4. The relation hetween Urmaterie field and local field * For details of the calculation, see Appendix III. ** As will be seen through the calculations of Appendix III, (4.5) is a direct consequence of the fact that the eigenfunction of 8 2 is essentially spherical harmonics, and therefore is closely related to the rotation of a rigid sphere. In this point, too, the intuitive image given in the non·local field theory is very satisfactory.
The above result shows that the Urmaterie field is equal to the superposition of local fields with various spins and rest masses, the values of which are mediated by the internal motion described by eigenfunctions accompanying to each of them. Such constitution of the Urmaterie field suggests a way for its quantization, since the quantization is a procedure to reproduce particle aspect from that of the wave, and particles that appear in our observation seem to have definite spin and rest mass at least in the case of no interaction. Thus, the quantization of the Urmaterie field may be achieved by quantizing those parts of it which correspond to local fields. The eigenfunctions of the internal motion will, on the other hand, be responsible to the law of interaction between such local fields. A speculative discussion of it is given in § 6. § 5. Survey over the interaction of Urmaterie Thus far we have dealt exclusively with the case of no interaction, and focussed our attention on the understanding of individual elementary particle.
We shall try to see in this section what a new scope is expected when we introduce the interaction of Urmaterie. In particular we want to see to what extent our theory is expected to succeed in elucidating the structure of the interaction of elementary particles, or in dissolving divergence difficulties. Unfortunately, satisfactory theory of the interaction of non-local fields has n"ot been given, and therefore discussions in this section are restricted to very provisional ones. What is attempted here is to see the qualitative feature of these problems that can be seen without entering upon details of the formalism of treating the interaction of non-local fields.
The structure of the interaction of elementary particles is a problem recently proposed by Sakata 21 ) , who emphasized the importance of elucidating the qualitative difference as well as the intimate relationships between various kinds of interactions in nature. As the first step to attack this within the framework of the local theory, he suggested" the principle of renormalizability", and he and his collaborators classified the interactions into the first kind for which the renormalization procedure can be performed in a closed form, and the second for which this is riot the case. Their work played an important role in clarifying the limit of the applicability of the present theory.
It is clear, however, that this work must go beyond such phenomenological stage, and in particular recent experiments seem to suggest strongly the necessity of it. A remarkable example is the establishment of the universal Fermi interaction. Although recent data sho~ that the coupling constants of various direct Fermi interactions are nearly equal, in the current theory the introduction of the mutual interaction is done entirely ad hoc, and this remarkable fact can not help being regarded as accidental.
It will be shown that, by introducing the interaction in the form of the interaction of Urmaterie, a way of introducing various interactions in a unified way and of deducing such relationship is suggested in our theory.
As the formalism of treating the interactions of non-local fields we assume Yukawa's S-matrix 22 ) , and investigate the interaction of Urmaterie by assuming appropriate interaction Lagrangian density and therefrom constructing S-matrix according to him.
Yukawa's S-matrix is given by Thus, the universal Fermi interaction follows as an immediate consequence of introducing the .. )tl:teraction in the form of the interaction of Urmaterie. We hope that our theory thus might serve as a first step to the substantialistic study of the structure of the interaction of elementary particles. Next ,!e go over to divergence difficulties. This has been one of the most serious difficulties of the quantum theory of the wave field,. and many attempts have been done for it.
* Of course the interaction Lagrangian density must be so chosen that it satisfies required conservation laws. What kind of conservation laws should be satisfied can not be decided at the beginning. As the least requirement, however, it would be necessary that it should satisfy the conservation law of the energy and momentum, of the electric charge, and of the heavy particles, These requirements are satisfied by imposing invariance under translations and ga~ transformations performed in a relation with electric and with mesic charge. As for mesic charge see also the discussion of § 6. ** Strictly speaking, (5·2) should not be called interaction Lagrangian density since all '" appearing there. refer to the same Urmaterie. It should be regarded as a IOrt of self-stress.
Although remarkable progress has made by the idea of renormalization, it seems a general feeling of recent years that the s~tisfactory solution of this problem would not be obtained within the framework of the local theory. The theory of non-local interaction was then proposed, and in particular Kristensen and M¢ller~~) have shown that there is a hope of eliminating all divergences if a suitable form is taken for the form factor. The theory of the non-local interaction is thus promising in as much as this point is concerned, but it is clear that this theory has a serious limitation in that it does not give the principle of determining the form of form factors. If we could find such principle, therefore, it would mean a great advance. , It was shown by many authors 10 ) ,~3) that the interaction of non-local fields leads to non-local interactions with definite form of form factors. Of course these conclusions ~an not be definite at the present when reliable theory of treating the interaction of non-local field is entirely lacking. But the analysis of § 4 suggests that this is a very general feature of the interaction of non-local fields, and a way of overcoming the above limitation of the theory of the non-local interactions may be found from an approach of this line.
It must of course be stressed that discussions in this section should not be regarded more than an gptimistic conjecture. But two problems quoted here are the most direct evidences of the limitation of the present theory, and it seems to us not meaningless that at least a clue of overcoming them is suggested by introducing the interaction in the form of the interaction of Urmaterie. § 6. The deduction of particle family
The conservation of heavy particles recently emphasized by Oneda 15 ) is certainly one of the most important problems to be solved in the theory of the interaction of elementary particles.
For it theoretical ex;planations have been proposed by many authors under the guiding principle of restricting the type of the interactions by assuming the invariance of the theory against possible ~ransformations24) ,25) ,26) such as the charge conjugation or the time reversal. Of course such attempts of seeking for selection rules within the framework of the current theory are orthodox ones.
But it seems to us that this is a problem to be understood in a relation with a more intrinsic structure of elementary particles. The fact that such disconnected families exist seems to sugge~t that all Fermi-particles are classified into two families by some unknown structure constants, and the selection rules concerning with this new degrees of freedom play important roles by their mutual transformations. From this view point, the conservation of heavy particles seems to be an evidence for the imcompleteness of the definition of elementary particles in the present theory. We shall shown in this section that the existence of such new structure constant follows very naturally if we introduce Urmaterie which is described by a spinor non-local field.
Starting with a non-local spinor field ¢p (%fJ-' r fJ-) (p= 1, 2, 3, 4) which describes the spinor Urmaterie, we assume that the spin and the mass operators are defined in an analogous way as that of the scalar.
The transformation law of ¢p(X"" 1'",) is of course given by ¢;(X~, r~) = rpa¢a (X"" r",) X~=a Thus, the spin is given in this case as the sum of the "orbital" and the "intrinsic" angular momentum of the internal motion of spinor Urmaterie.
As for the eigenvalue of the mass operator, we assume as before that it gives the rest mass of elementary particles measured in unit (fi / cJ.), where of course an equation analogous to (2.22) is assumed;
Writing M2 in terms of polar coordinate introduced in (2·26), (6 ·10) where Pi are" momentum of the internal motion" conjugate to r.. With these spin and mass operators, and proceeding in an exactly analogous way as that of the scalar case, a unified description of particles of spin half integer is given. * If 8 2 and M2 compose a complete set of mutually commuting operators with respect to internal coordinates, the specification-of elementary particles with the spin and the rest mass is complete, and no other structure constant appears. If, however, another scalar operator that commutes with them exists, it means that the elementary particles possess a structure constant other than the spin and the rest mass.
In the case of the spinor, such an operator is provided by contracting R~~ with its dual tensor R~~. Explicitly written, A way of avoiding this difficulty is to use unitary trick, which consists in replacing Xo by ixo. In this case, however, the squre integrability of ei~enfunctions is violated. These difficulties are overcome only by introducing q\lllntity like expansor recently introduced by DiracI9). Its actual study will be reported elsewhere. What is intended in this section is to give the simplest model needed to understand better the concept of particle family.
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Although P, is pseudoscalar, it is easy to construct a scalar operator that inherits the essential feature of it, and we disregard this odd character in the following to simplify the discussion. * 8 has eigenvalues ± 1. As will be seen from (6.10), 8 is closely related to the eigenvalue of m, and in classifying all spinor particles into two families according to this eigenvalue, the eigenvalue ± 1 determine the minimum value of the rest mass appearing in these two families. Although eq. 
As was discussed before, m represents the rest mass of elementary particles measured in unit (n / d). Therefore, by taking A to be of the order of the compton wave length of the nucleon, this mass separation becomes comparable to that of the nucleon and lepton families. Thus, 8 is interpreted as expressing the intrinsic difference of these two families, and in our theory the classification of Fermi particles into heavy and light follows as an inevitable consequence of introducing spinor Urmaterie. This means that in our theory the concept of particle family must be considered as very fundamental. We think that this result may be considered as a remarkable advantage of our theory.
In our theory, the difference of heavy and light particles is reduced to that of 8. Therefore, the conservation of 8 leads at once to the conservation of both families. To find a reason of assuming the conservation of 8, we introduce 8 defined by (6.16) (J takes eigenvalues 1 and 0 for the nucleon and lepton family respectively, and just corresponds to A introduced by Oneda 15 ) . Therefore, it would be natural to interpret it as mesic charge. ***. **** 8 thus being interpreted as mesic charge, it is natural to require its conservation.
Formally, this is satisfied by assuming the invariance of the theory under the "gauge transformation" performed in a relation with it;
* A way is to double the components of ¢P(XIL' r lL ) into eight, and to introduce an independent set of Pauli matrices III other than (J and fl. It seems interesting to identify III to ~ spin, and to try to elucidate a deeper relation between the electric and mesic charge, or between the conservation of the electric and mesic charge.
** (6·15) was obtained using unitary trick. In this case, unperturbed eigenfunctions and boundary conditions differ from those of § 3, and as remarked before, squre integrebility is violated. But here we do not touch these difficulties.
*** Thus, in our theory, to () is given two fold meanin,!s ; .it classifies on the one hand the heavy and light particles, and on the other hand mediates the interaction of n-meson with Fermi particles. We are tempted to consider this fact as an answer to the question why only heavy particles interact strongly with n-meson.
**** The c;oncept of mesic charge and its conservation was first introduced by Okayama 28 ) and by Wigner 29 ) .
where a is an arbitrary constant. From this requirement follows the conservation of mesic current, which is nothing but the conservation of heavy particles. § 7. Summary of results and concluding remarks
It would be convenient to give first a brief summary in clarifying the logical construction of the theory we have developed thus far.
What is the most fundamental in our theory is a substance we named " Urmaterie "; which we assumed is described by a non-local field satisfying the equations of motion (7.1) and (7·2)
Various states of the internal motion of Urmaterie are classified by the eigenvalues of a complete set of mutually commuting scalar operators with respect to internal coordinates, two of which can be taken as the spin and the mass operators, and each eigenstate thus classified is assumed to correspond to the elementary particle of definite structure. What determine the structure of Urmaterie is the transformation property of the non-local field used in describing it, and the parameter A appearing in (7·2). In this way a unified description of elementary particles is given, and the structure of Urmaterie determines the structure of individual elementary particle and the mutual correlation between them. That is, it determines the spectrum of the spin, of the rest mass, or of other structure constants, the structure of interactions, or the form of the form factors when interaction is introduced.
For example, by taking U(X'!-. r ' !-) as scalar, a unified description of Bose particles is given each of which is characterized by two structure constants, the spin and the rest mass, and which are subjected to the spin and the mass spectrum given by (2·28) and (3·8), and by taking it as spinor, that of Fermi-particles which are classified into two families according to mesic charge 1 and o.
Thus, in our theory, elementary particles are regarded as phenommal forms of Urmaterie. That the definition of elementary particles is made more positive by introducing Urmaterie is clear. For example, in our theory, the answer can be given at once to the question such as, "Is the specification of elementary particles by the spin and the rest mass complete?". This is never a self-evident thing, and in fact the discovery of particle families show its incompleteness at least in the case of Fermi particles. It may be a remarkable advantage of our theory that it can not only give answer to these questions, but also succeed in deducing just the required new structure constant. In addition, the possibility of deducing the spectrum of various structure constants, the structure of the interactions, or of the form of form factors must also be stressed.
Note that, as discussed in § 2, these are the most direct evidences of the limitation of the present theory.
Of course our theory is only a starting point for the unified theory and is far from satisfactory goal. The most serious limitation of our theory is the lack of law governing the internal mot jon. Keenly we feel that the attention of the future theory must be focussed on elucidating it. The use of Yukawa's non-local field must also be criticized.
Although his non-local field is a very elegant, probably the most elegant way of introducing internal coordinates known up to the present, there is no inevitable reason to use it at least at the present stage, and we can not rule out the possibility that the use of Yukawa's non-local field impose a severe restriction to the whole of our theory.
In conclusion, it would be important to make clear the position of our theory in the course of the development of the theory of elementary particles.
The most essential point of our discussion was that the moment to the further development would only be found in more positively defining elementary particles. We regarded the present theory as "phenomenological ", and it was as the first step to overcome this limitation that we introduced Urmaterie. In this sense, our theory may be regarded as "substantialistic" to the present theory, and at the same time as "phenomenological" to the unified theory we are aiming at the next stage*.
In fact, such limitation of our theory' appears already in following forms. The first, our theory gives no answer to questions such as "What kind of Urmaterie should we take? ", or "What kind of interaction should we introduce between them?". The second, the introduction of spinor Urmaterie as we did in § 6 means to introduce elements not completely analyzable in our stage.
At the present, we can say nothing to these questions. But it is our strong feeling that a series of facts we quoted in this paper as the evidences of the limitation of the present theory are problems not to be attacked separately, but should be regarded all as suggesting the necessity of introducing a substance of higher level.
In this connection, we hope that our theory might play some role as the first step toward an approach of such line.
Then (3· 5) turns into z(1-Z)v" + { (a+~+ 1-r) -(a+a+ 1-r+ 1)z}v' -a(a+ 1-r) v=0, where y; 1-co corresponds to z; 0 _ 1.
Expanding v into power series we get two independent solutions in terms of hypergeometric series vo=F (a, a+1-r, a+~+1-r, z) for p=O Vt=zT-rHF(r-~, 1-~, r+ 1-a-~, z) for p=r-a-~=1/2, both of which are convergent in the interval 0 < z < 1.
Thus, the general solution of (3·3) is given by The following identity is useful to investigate the behavior of ffo and ift near Z= 1 ; 
ii) For 9'1 r-j3 must be negative integer.
In this case the eigenvalue of the mass is given by m;,n =3s+4ns-41l-4n 2 s-1 11=0, 1,2"" < --. Other cases, for example, 1 -fJ = -11, or a + 1 -r = -n is not permitted, since it contradicts to m 2 < s(s+ 1). Moreover it is impossible that both ifo and ifl become eigenfunctions belonging to the same value of .mass. This is easily seen from the fact that for a = -n, neither r -fJ nor 1-fJ can be negative integer. Although it seems apparently possible that the solution of the form if= (Aifo + Bffl) can tend to zero at .x= ± 00 even in the case when both ifo and ifl diverges (since their order of divergence is the same), we can see at once that this does not occur. It is because ifo is an even and ifl is an odd function of z as will be easily seen from (AI. 1).
From it we can conclude at once that constants A and B, non of which is zero, satisfying Aifo( 00) + Bifl ( 00) =0 AifoC -00) +BiflC -00) =A'fo( 00) -Bifl( 00) =0
do not exist.
Next we examine the orthogonality of eigenfunctions given by (AI· 4 ii) ~ is any real number, and ~=1-k2+ (~/k)2.
In this case s=k, k+1, k+2,··· with k= 1/2, 1, 3/2,.··.
The representation space is a Hilbert space defined on the surface of a unit sphere except for ° < ~ < 1 of case i).
Our discrete case corresponds to ~ =0, and s=integer of ii) *. Thus 
Appendix III
In this appendix the calculations outlined in § 3 will be explained in details.
We first construct eigenfunctions of the mass and the spin operators in arbitrary reference system, and then derive Fierz's subsidiary conditions for each decomposed parts of the Urmaterie field.
In what follows quantities refering to the rest system of the external motion will be distinguished by primes. Thus, the eigenfunction belonging to the eigenvalue sand m * That R",~R",~ vanishes can be seen at once, for example, by taking r", = (rh 0, 0, 0). The appearance of such restriction is a little queer. We think that this related to the use of Yukawa's second equation, which stipulates r", to be space-like. A fuller study of it will appear elsewhere.
(AlII.
2) 
Appendix
IV
In this appendix details of calculations not touched In the paper is given. (a) The proof of (2·23) (22 . 2) restricts the internal world to the surface of a hyperboloid, and u (r "') to be of the form where it should be understood that r ' " in u ' (r "') is restricted by r~ =,{2. This suggests a modification of quantum mechanics we assumed to the internal motion. Our new assumption is that the essential part of the internal wave function is u ' (r "'), and the expectation values of various dynamical variables are given by 
